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ERAG AND PROPULSIVE CHARACTERISTICS OF AIR-COOLED 



E1TG I NE -NA CELLS INS T ALLAT I OIT S FOR TT70-2ITGINS AIRPLANES 
By Herbert A. Wilson, Jr., and Robert R. Lehr 

SUMMARY 



Research or. win^-nacelle propeller arrangements has 
"been continued in the NACJt full-scale wind tunnel with 

tests on a model of a two-engine airplane provided with 
nacelles varying in diameter from 1,5 to 2.6 times the lo- 
cal wins thickness. This model is the same one that was 
previously tested with f our-*en c ;ine-r.acelle installations, 
and the results are directly comparable. 

The results show the variation of the nacelle dra^ 
with tho ratio of the nacelle diameter to the win^ thick- 
ness, the effects of the nacelles on the aerodynamic char- 
acteristics of the airplane, and the propulsive and the 
over-all efficiencies for all, the arrangements. The pres- 
ent results are combined in some cases with the results of 
previous experiments, so that the effect of nacelles is in- 
cluded for airplanes ran^in^ from 6*g to 100 tons. 

INTRODUCTION 



The tendency to increase the power of radial air- 
cooled, airplane engines without increasing the engine di- 
ameter has lea to lar^e variations in the size of the 
wins; nacelles relative to the size of the win--;. An in- 
vestigation conducted in the NACA full-scale wind tunnel 
has dealt with the influence of the ratio of the nacelle 
diameter to the win^ thickness and of the longitudinal 
and vertical propeller location on the dra-^, the propul- 
sive efficiency, and the over-all efficiency of rnulti engine 
airplanes. The effects of the nacelles and the propeller 
operation on the lift and the pitching moment of the air- 
plane have also been studied. The investigation covered 
ratios of tho nacelle diameter to the wins thickness vary- 
ing from 0,53 to 2.50, representing airplanes of from o§ 
to 100 tons ^ross trei %ht . 

By variation of the number and size of the nacelles 
installed on the sane airplane model, a series of airplanes 
has been represented from which directly comparable data 
were obtained. The tests of these models were divided into 
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two groups J The first ;roup, reported in rof erence 1, con 
slated of teste, of the godel with four nacelles of diam- 
eters varying from 0.53 to 1*5 times the xrin% thickness; 
the second ^roup, constituting the basis for this report, 
covers tests of the model with two nacelles of diameters 
varying from 1.5 to 2.6 times ^he win^ thickness. 



SYMBOLS 

a an^le of attack; of the furjola^e reference axis rela- 
tive to the rind a:cis, decrees 

q free-stream dynamic pressure, pounds per square foot 

S mln% area, square feet 

c mean chord of win^, area/ span, feet 

t w maximum win^ thickness (avera-%0 over nacelle), feet 

D-d propeller diameter, feet 

D^j maximum nacelle diameter, feet 

J maximum cross-sectional area of nacelle, square feet 

V air speed, feet per second 

L lift, or force .normal to the relative wind, pounds 

D dra£, or force parallel to the relative wind, pounds 

power-off dra^ of model with engine-nacelle installa- 
tion, pounds 

LI pitching moment, pound-feet 
fl ~ L 

•* - Is 



0 



D 



aS 



u 





(Subscript w refers to po^or-off dra? 
Of bh& no del v/ith .fere^vrin^; BU%* 
script q, to po\7or-off of nodcl 

ri th cn^inc-naccll c installat i on) 




qS-c 

resultant force of a propcllor-nacclle-win"; ccr.foi- 
nation, pounds 

thrust of propellers operating in front of a "body 
(tension in propeller shafts), pounds 

increase in dra^ of the oofty due to the action of 
the propellers, pounds 

effective thrust of the propeller-nacelle installa— 
t i on 

power Input to all propellers 
4 ~ — — propulsive efficiency 



T) at G L = 0.25 

propeller speed, revolutions per second 
propeller-blade an^le at 0,75 radius, decrees 
flap deflection from closed position, decrees 



f| ( — over-all efficiency 





index thrust coefficient 



4 



MODSL AND TEST EQUIPMENT 



The tests v:ero conducted in the NACA full-scale vind 
tunnel, which is described in reference 2. The model is 
a metal-covered, midwin^ monoplane with a span of ?7.25 
feet. The symmetrical wins sections are tapered in thick- 
ness fron the NACA 0018 at the root to the NACA 0010 at 
the tip. The rin^ plan form tapers 4:1 from a mot 
chord of 7.28 feet, and the win? area is 172 square feet. 
Split t railin^-ed^e flaps extend over the rai&dle 60 per- 
cent of the span with the exception of a short ?ap at the 
fuselage. The an^le of the win* setting to the fuselage 
reference line is 4.6°. The principal dimensions of the 
model and the nacelle for each of the test arrangements 
are shown in figure 1, Figures 2 to 5 show the model as 
installed in the full-scale tunnel. 

A summary of the nacelle arrangements tested is shown 
in table I. 



•TABLE I 



ITacelle 
diam- 
o t e r 
(in.) 



CO 



Propeller 
diameter 

(in. ) 



Drr i Propeller I ITacolle 



No oo'-rlin*! - Bare-win? no del 



20 

30,4 
34.7 



1.5 48 
1.5 

69 
84 

_1 



0.417 

.417 
.440 

.413 



lo cat i on 
(a) 

0.25c 

.25c 
.50c 

.50c 



"00 S 1 • 

t i on 



Cent e r 
1 i n e 

Lor 

Cent er 
1 i n e 

Center 
line 



Do- 
tails 

1 Y) 



fig. 2 

fi-~. 3 

fi~. 4 

ti%. 5 

- i «; . 6 



Thickness t, T is the average of win? thickness at the 
nacelle locations. 



'Chord c is the local chord at each propeller location. 
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Fower to operate the propellers was furnished for the 
20-inch nacelle" arrangement "by the 2C— horsepower alternat- 
ing- current motors used in the tests of reference 1, and 
for the 30. 4-inch and 34.7-inch nacelle arrangements by 
15-horsex>ower rotors of lower synchronous speed. ?or all 
three nacelle arrangements, the motors were supported ahead 
of the wia<! and within the nacelles. The propeller speed 
was regulated by varying the frequency of the motor-current 
eup-oly and was measured with an electric tachometer. Power 
output was obtained for the 25-horsepower motors from an 
electrical calibration and for the 15-ho r sepower motors oy 
measurement of the torque reaction on the motor. 

Three sets of propeller??, a modified Bureau of Aero- 
nautics Drawing No . * 4412 two-blade propeller of 48-inch 
diameter, a Curtiss 889.80 threo-blade propeller of 69-inch 
diameter, and a Hamilton Standard 1327 two-blade propeller 
cut down from an 3- to a 7-foot diameter, were used on tae 
20-, the 30. 4-, and 34.7-inch nacelles, respectively. 

The contour of the cowlings and their relative^ dimen- 
sions are given in figure 7 as fractions of the cowling 
diameter. These cowlings were geometrically similar to 
those used in the previous series of tests (reference 1) 
and to the one designated cowling C in reference 3. The 
shanes of the nacelles were designed in each case to avoid 
flow separation on the afterbody. At the intersection of 
the nacelle and the wing plasticine fillets of small radi- 
us were used to provide a smooth fairing. 

Perforated metal plates, the resistance of which was 
changed to a value of conductance K (reference 4j 
of approximately 0.10, simulated the engine. The 
exit' sloe of the cowlins: was proportioned to give a 
pressure droo of O.O3O0 across the engine; it was 
assumed that a means of erit-slot adjustment such as 
flaps would bo provided for other flight conditions. 
For* the tests with no cooling air, the exit slot was 
sealed to prevent any air flow through the cowling, 
This method was found to give more consistent results 
than sealing the perforation in the metal plates of 
the engine, as was done for the tests Of reference 1; 
the improvement can bo attributed to 8 better flow 
condition at the exit slot. 
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TESTS 



TTith propellers removed from the model, measurements 
of aerodynamic characteristics were made at an air speed 
of aoout 60 miles per hour for each of the nacelle instal- 
lations over an an^le-of -at t ack ran^e from zero lift 
through the stall. Scale effect on. the dra? at low lift 
coefficients was also measured over a ran^e of air speeds 
from 30 to 100 miles per hour. 

With the propellers operating, propulsive character- 
istics of the nacelle-propeller installations were deter- 
mined for the attitude in which the thrust axes were par- 
allel to the relative wind and for lift coefficients ap- 
proximating those for the hi-~h~spoed and the dim "bins con- 
ditions. The power-on measurements included the power in- 
put to the propellers and the propeller speed as well as 
the usual aerodynamic forces and moments. ?or the propul- 
sive efficiency tests, the 7/nD was varied "by increasing 
the air speed from 30 to 100 miles per hour and then "by 
decreasing the propeller speed at the maximum air speed 
until zero torque was obtained* The effect of propeller 
operation on the lift and cn the pitching moment was de- 
termined at a test air speed of approximately 60 miles per 
hour for the maximum thrust permitted hy the set-up and 
for an intermediate thrust condition. 



POTTSE-OPI CHARACTERISTICS 



The aerodynamic characteristics of the two-engine 
model with the propellers removed are shewn in figures 8 
to 12 for the various arrangements tested. These data 
were obtained at a tunnel air speed of aoout 60 miles per 
hour, which corresponds to a Reynolds number of about 
2 ,500,000 "based on the average wing chord of 4.62 feet. 
The coefficients are based cn a winf$ area of 172 square 
feet and are corrected for wind-tunnel effects. Pitchin^- 
moment coefficients are computed a.bout a center of gravity 
located as shown in figure 1. 

P^&S-- Scale effects on the airplane dra^ coefficients 
for the nacelle arrangements and for the model withotit na- 
celles, tested at an assumed hi ^h- speed lift coefficient of 
0.25 are ?iveu in figure 13, A comparison of the curves 
for the various nacelle installations with those for the 
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"bare win? shows that the dra^ increment due to the nacelles 
is more or less independent of the test air speed within 
the ran^e covered. 

The variation of the nacelle dra%* increment per na- 
celle A Cj)/ 2 with the ratio of the nacelle-diameter to 
the trill? thickness Djj/t w is shown in figures 14 (a ) , (h), 

(c), and (d) for the present tests at lift coefficients of 
-0.04, 0.25, 0.5, and 0.7, together with similar data from 
the earlier tests of reference 1. The propeller location 
for nacelle arrangements with values of %A W of 2.27 and 

2.60 was 0,50c ?head of the leading eel ^e of the win^ as 
compared with a position of 0,40c for the other nacelles 
of figures 14(c) and (d). The difference in dras; "between 
the nacelles with the propeller * jsitions of 0.40c and of 
0,50c has been disregarded in the discussion of the varia- 
tion of the nacelle dra^ coefficient and will oe examined 
later. The increase in the total dra^ duo to nacelles of 
lar^e relative diameter as well as the importance of the 
dra-^ due to the flow of the cooling air for lar^'e values 
of ^iT/t w is clearly shown in figure 14 f 

The nacelle dra-^s are also shown in terms of the na- 
celle dras coefficient G^ v in figure 15, from which fig- 
ure the dras; of conventional nacelle and cowling installa- 
tions can "be predicted. There is a lar^e increase in na- 
celle dra^ coefficient with lift coefficient for small 
values of Djj/i^. As the value of D^/t^ increases, the 

nacelle dra^ coefficient tends to approach a constant val- 
ue and to "become conri derahly less dependent on the lift 
coefficient and the propeller position. 

The nacelle dra^s without cooling air flowin? were 
con si derahly smaller for the two -nacelle tests than for 
the i our-n?. cell e tests of reference X. This difference is 
particularly noticeahle for the 20-inch nacelles with the 
0.25c propeller position oecause a direct comparison is 
shown* The decrease in nacelle dra^s is attributed to 
sealing -&he cowling e::it for the present tests rather than 
sealing the perforated metal plates, thus eliminating sec- 
ondary flows due to press\ire differences around the pe- 
riphery of the cowling exit. 

Calculations of the dra^ due to forcing air through 
the cowling and the perforated plate simulating the en- 
gine, as outlined in reference 4, ?tve increases in the 
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nacelle dra^ coefficient of 0.020 and 0,014 for the 34.7- 
and the 50.4-inch nacelles, respectively, that check re- 
markedly well with the values of 0.019 and 0.014 from the 
data of figure 15. 

An unexpected decrease in dra^ was shown by the 20- 
inch nacelles in the low position 13). This de- 
crease is inconsistent with the results of recent tests 
made in the NACA 8-foot hi^h-spred tunnel (reference 5) 
that show a 2-percent increase in the airplane dra^ for 
lowering the nacelle. For the tests of reference 5 f the 
lowered nacelle was ^eomet ri cally similar to the center- 
line nacelle; whereas, in the present tests the nacelle 
afterbody was faired to provide additional space in the 
nacelle for housing the landing ^ear. This requirement of 
space r;;ade it necessary to elongate the nacelle and to 
fair from the circular engine section to a vertical line 
at the tail. It is "believed that the more gradual fairing 
of the low nacelle caused less interference "between the 
win's and the nacelle on the lower surface and that lower- 
ing the nacelle decreased the interference on tfce upper 
surface of the win^ to a low value. This conclusion is 
partially verified by the fact that the dra^ for the low- 
ered nacelle approaches more nearly the skin-friction dra^; 
for a corresponding amount of surface in turoulent flow. 

M aximum lif t^*- The maximum lift coefficient was 
slightly decreased (a"bout 1 percent) by the addition: of the 
nacelles to the airplane. Ta'ole II summarizes the maximum 
lifts for all the test arrangements. 



TABLE II 





Values of i.Iaximin 


Lift 


Coo 


f f i 


c i e r. t 






Propeller 




7 1 ap 


deflection, &f 


lo cat i on 




0 

0 


i 

i 


60° 


Vertical 
position 


Bare \ 




1.29 






1.32 




1.50 


0.25 c 


1.23 






1.77 


Center line 


1.50 


.25 c 


1.28 






1.76 


Loir 


2.27 


.50c 


1.27 








Center line 


2.60 


• 50c 


1.26 








Center line 



0 



A comparison of the values for the current tests with 
those for the tests of reference 1 shows a conni derabl e 
difference in the effect of the nacelles en maximum lift. 
Adding four 20-inch nacelles to the model *?ave a decrease 
co in maximum lift of 9 percent; this decrease is inconsist- 

ent ent with the results of the two-nacelle tests. Tuft sur- 

iij veys {fig. 16) show that the nacelle has a marked effect 

on the direction of flow over the top of the wins;, and it 
is reasonable to conclude that two nacelles only a short 
distance apart have a mutual interference flow that, at 
hi sh angles of attack, causes an early separation on the 
upper surface of the win-?. It is also evident ft&m the 
two-engine tests that the interference is not serious for 
an isolated win-?, nacelle, 

M£ trji£aS_ ratio . - The ran°;e of an airplane is about 
proportional to the value of the maximum lift~4ra$ ratio, 
which decreases rapidly with increasing Bjj/t w , as shown 
in figure 17. The Maximum L/D for the SO-incfa nacelle 
(^%/*W ~ 1*S) is 15 percent lower than that for the "bare 
wing while the L/D 34.7-inch nacelle ( %/t w * -2*83 is 
20 percent lower. Ihe four-engine data of reference 1, 
also included in figure 17, show the lift-dra* ratio for 
the four 20-»inch~nacelle installations to be approximately 
2 5 percent less than for the "bare win r ^. 

fit chin % mom en \ « - The destabilizing effect of lar^e 
nacelles is apparent in figure 18, in which the slopes of 
the pit chin«J -moment coefficient curves are plotted against 
^IT/^w slopes were read over the straight portions of 

the pi t chi n^-moment curves at values of a between -5° 
and 5 c t the decreased stability bein<? indicated by the 
lower values of negative slope. The curves include, in 
addition to the results of the prosent nacelle and bare- 
Win? tests, similar data obtained with four nacelles in 
reference 1. The results were found to be much more crit- 
ical for the four-nacelle conditions. ■ 

The decrease noted in the slope of the pi t chi n^-moment 
curve is attributed to the forward rovement of the aero- 
dynamic center of the win 4 ; due to the addition of the na- 
celles ahead of the leading ed^e. Consequently, moving the 
nacelles ahead from a propeller position cf 0.25c tc one 
of 0.40c or 0.50c further accentuates the destabilizing 
effect of the nacelles. 
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PROPULSIVE AND OVER-ALL EFFICIENCIES 



The nacelle dra-^ coGificicnts alone are an insuffi- 
cient oasis for comparison of the various nacelle-propeller 
installations. The installations are more properl^ con- 
pared "by roans fcf an over-all efficiency that includes the 
nacelle dra? increment measured with the propeller removed 
as well as the propulsive efficiency. This ovor-all effi- 
ciency is defined as the ratio of the towline pov/er 
required for the model without nacelles at a -liven level- 
flight speed to the rctual power input required at this 
speed "by the model with the nacelle-propeller installation. 
The over-all efficiency is therefore written 
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The propulsive efficiency T) is the ratio of the ef- 
fective thrust power to the pov/er input and may "be calcu- 
lated from the relation 

n (T_ r AL_)_V 
P 

The value of the effective thrust, (T - AJJ), can be com- 
puted from the wind-tunnel data "by the relationship 

T - AD = D c -I- S 

in which L c and R are, respectively, the values of the 

drae; for propeller-removed and propeller-operating condi- 
tions. 

The cLr&lJ increment included in the effective thrust 
is caused "by the slipstream over the win^; in like manner 
a lift increment is attributed to the propeller operation. 
In order to correct for this lift change, D c and R 
were both measured at the same lift coefficient rather 
than at the same an^le of attack. 



Propul si ve Efficiencies 

Data have "been obtained from the tests to show the ef- 
fect on the propulsive efficiency of variations in the pro- 
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peller blade an^le, the nacelle diameter, and the lift 
c oef f i ci ent . 

Propell er "bla de an gle*- The values of the propulsive 
efficiencies measured for the various nacelle-propeller 
combinations are shown in figures 19 to 22. The maximum 
propulsive efficiencies occur at a "blade an^le 3 of about 
30°; the envelopes of the propulsive-efficiency curves are 
reasonably flat, however, showing onlv slight variations 
in efficiencies with a variation in 0 of ^10° from the 
optimum. 

The results show that neither the blade an^le for max- 
imum efficiency nor the quantitative value of maximum ef- 
ficiency varies appreciably from that of the previous study 
of the four nacelle propeller installations. 

Nj±ce.lle_di ame t e r . — A variation in the ratio of the 
nacelle diameter to the win*; thickness has little effect 
on the maximum propulsive efficiency* Chan^in^ the v>?rti- 
cal position also has a ne^li^ible effect on the maximum 
efficiency except to change slightly the V/nD at which 
maximum efficiency occurs. The efficiency at a lift co- 
efficient of -0.04 for the 34,7-inch nacelles is approxi- 
mately 2 percent lower than that for the 20-inch nacelles 
and about 1 percent lower than that for the 30.4-inch 
nacell e s • 

Li f t _ co ef f i ci en t_s . - The variations in the propulsive 
efficiencies with airplane lift coefficient are also in- 
cluded in figures 19 to 22 for blade angles of 20°, 30°, 
and 40°. The maximum propulsive efficiency occurs at a 
lift coefficient of -0.04, in which case the nacelle axis 
was approximately parallel to the .air stream. The propul- 
sive efficiency in all cases except for the 20-inch na- 
celle with the blade an^le set at 30° is 2 percent greater 
at the lift coefficient -0.04 than at 0,25, For the 20- 
inch nacelle with a blade an^le of 30° the propulsive ef- 
ficiency is the same for the two lift coefficients in 
either the center line or the lowered nacelle position. 



Over-All Efficiencies 

The over-all efficiencies for the conditions investi- 
gated during the present scries of tests together with 
those of the previous series (reference l) are presented 
in figure 23. 
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It will "bo noted, that there is a X* to de- 
crease in the over-all efficiency for the 0.40c propeller 
position. The decrease is probably due to the increased 
skin friction of the longer nacelle. It will also be ob- 
served that the over-all efficiency for the two-engine 
installation is considerably higher than that for the 
four-engine installation, especially at larger values of 
^n/^w* SMfl difference in over-all efficiency is the re- 
sult of the lower dra^ obtained with two nacelles and in- 
dicates the desirability of us in? the smallest possible 
number of power units for a ^,'iven total power output. 

Variations of the maximum over-all efficiency with 
lift coefficient for thn two-engine data of the present 
tests and for the four-engine data of the previous series 
(reference l) are plotted in figure 24. In all cases 
shown, the lowest efficiencies exist at the hi^h-speed 
condition; the efficiencies increase as the lift coeffi- 
cient either increases or decreases from the hi^h-speed 
condition. This increase in efficiency is more rapid with 
the 30.4- and the 34. 7-inch nacelles, because of a smaller 
variation in dra^ with an^le of attack for the larger na- 
celles. 

P0I7ER-0N CHARACTERISTICS 



The effect of propeller operation on the aerodynamic 
characteristics of an airplane is primarily dependent on 
the amount of thrust delivered by the propellers and, for 
a ^iven thrust, is relatively independent of moderate 
changes in blade angle, V/nD, propulsive efficiency, and 
propeller diameter. In order to describe the conditions 
of propeller operation, use is made of an index thrust co- 
efficient that takes the form 

~c 0 qSV 

in which Tj 0 ig the propulsive efficiency at C L a 0.25 

for the conditions of V/nD and blade an^le at which the 
tests were made. The index thrust coefficient has the 
characteristics and the form of a dra<? coefficient and is 
essentially independent of the combination of V/nD and 
blade anp;le that produces the thrust; it is equal to the 
amount of drag that the thrust would counterbalance at the 
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standard or Index condition and, at any other value of 
lift coefficient, differs fron the true thrust co efficient 
only "by the variation in propulsive efficiency "between the 
two conditions. 

The effect of propeller operation on the maximum lift 
is Siven in figures 25 and 26 for the 20-inch and the 30.4- 
inch nacelle installations • As the index thrust coeffi- 
cient increases, the slope of the lift curve increases 
slightly and the maximum lift increases rapidly. 'The rate 
of increase in maximum lift coefficient is largest for 
values of Tl "between 0 and 0.05, owin-^ to the effect of- 

the slipstream in decreasing the win*, -nacelle interference. 

The effects of the propeller operation on the pitching- 
moment coefficient, for the various thrust coefficients 
and two nacelle installations, are shown in figures 27 and 
23. The principal effect of propeller operation is to 
change the elevator an^le required for "balance. The curves 
are similar throughout the normal ran-^e of angles of attack 
and are very much like those that would "be obtained hy var- 
ying the tail setting. Increasing the nacelle sir.e from 
20 inches to 30.4 inches decreases the slope of all of the 
porer-oa pi t chin^-moment curves. VI th the largest value of 

for each case, and especially with the larger nacelle, 

the stability "becomes critical at the higher angles of at- 
tack. 

PRESSURE DISTRIBUTION 



The pressure distribution on the under side of the 
20-inch and the 34.7-inch nacelles is ^ivon in figures 29 
and SO, respectively. These data may he used as a ?uidc 
in desi^ain^ trapdoors on the "bottom of conventional na- 
celles. Similar data for fuselages are -^iven for a lar^e 
ran^e of iaach numhers in reference 6. 

Pressures are ^ivon in terms of the pressure cooffi- 

cicnt, P ax : — - (in which p is the local -Dressure 

9 

and p Q is the free-stream static pressure), plotted nor- 
mal to the surface of the nacelle. The results are plot- 
ted to %ive the distrihution over four cross-sectional 
planes of the nacelles, located as sho\7n in figures 29(h) 
and 30(d), "between the leading od^e of the win; and the 
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trailing ed*;e of the nnccllon, The pressure d i s t rihixt i on 
over the longitudinal ocotioni? is also shc?na in fibres 
29(a) and 30(a) for tho center-line sections to fit* aa 
indication of the fore-and-aft prer?urc variations. 



COilCLUSIOlTS 



1. The over-all efficiency of the two-engine model 
decreased linearly with an increase in the ratio of the 
nacelle diameter to the win*; thickness. 

2. The propulsive efficiencies were substantially 
the same for all nacelle arrangements, 

3 f The static longitudinal stability was adversely 
affected "by the addition of tho nacelles to the win^ and 
the operation, of the propellers. 

4. The addition of the two nacelles to the wixUj de- 
creased the maximum lift hy only about 1 percent. 



Lanfijley Moifitorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Lan^ley Field, Va. 
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Fig. 1 





Figure 2.- Installation of model without nacelles in the tJACA full-scale tur.nel. 




Figure 3.- Installation of model with 20-inch nacelles .center-line 
in the NACA full-scale wind tunnel. 
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Figs. 4,5 





Figure 5. - Installation of model with 30.4-inch 
in the NACA full-soale wind tunnel. 
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Figure 7.- Dimensions of cowling and cooling arrangement. 

L = 11.06 in. for 20.0 in. nacelle 
16.69 " " 30.4- " 
22.00 " " 34.7- " 
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(a) Air flowing through cowling; propeller location, 0.25c. (b) Cowling closed; pro- 
peller location, 0.25c\ (c) Air flowing through cowling; propeller location, 0.50c 
(d) Cowling closed; propeller location, 0.50c. 

Figure 14.- Drag increment due to each nacelle, A Cp/2, for nacelles of various size and 
various lift coefficients. Test air speed, 100 mph. 
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Figure 8 



Aerodynamic characteristics of model without nacelles. 
Approximate test air speed, 58 mph. 
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Figure 9.- Aerodynamic characteristics of model with 20-inch 
nacelles in center-lino position. Approximate test 
air speed, 58 mph. 




Figure 10.- Aerodynamic characteristics of model with 20-inch 
nacelles in low position. Approximate test 
air speed, 58 mph. 




Figure 11.- Aerodynamic characteristics of model with 30.4 inch 
nacelles. Approximate test air speed, 58 mph. 
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Figure 12.- Aerodynamic characteristics of model with 34,7 inch 
nacelles. Approximate test air speed, 58 mph. 
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Figure 15.- Scale effect on drag coefficient at - 0.25, 



Figs, 15,17,18 
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Figure 15.- Nacelle drag coefficient for various size nacelles and lift coefficients. 
Center-line nacelles. 
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Figure 17.- Variation of the maximum lift- 
drag ratio of the model for 
various nacelle sizes. 
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Figure 16.- Variation of the slope of the 
pitching-moment curve of the 
model for various nacelle sizes. 
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Figs. 19,20,21 




Figure 19.- Variation of propulsive efficiency with blade angle for the 20-inch nacelles 
in center-line position. 0.25c propeller location; air flowing through 
cowling. 
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Figure 21.- Variation of propulsive efficiency with blade angle for the 30.4-inch nacelles 
0.50c propeller location; air flowing through cowling. 



Figs. 22,23,24 
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Figure 22. 
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VfnD 

Variation of propulsive efficiency with lift coefficient 
for the 34.7-inch nacelles. 0.50c propeller location; 
P, 30°; air flowing through cowling. 
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Figure 23.- Variation of maximum over-all efficiency with nacelle size. 

C L , 0.25; p, approximately 30°; air flowing through cowling. 
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Figure 24.- Variation of maximum over-all efficiency with lift coefficient. 
Various nacelle arrangements; g, approximately 30°. 
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Figure 25.- Effect of propeller operation on lift coeffi- Figure 26.- Effect of propeller operation on lift coeffi 

cient of the model for various index thrust cient of the model for various index thrust 

coefficients. The 20-inch nacelles in low position; coefficients. The 34.7-inch nacelles; 0.50c propeller 

0.25c propeller location; 6 f = 0<>. location; 6 f = 0°. 
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Figs. 27,28 
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Figure 27.- Variation of pitching-moment coefficient of the 

model with index thrust coefficient. The 20-inch 
nacelles in center-line position. 0.25c propeller location. 
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Figure 28.- Variation of pitching-moment coefficient of the 

model with index thrust coefficient. The 34.7-inch 
nacelles; 0.50c propeller location. 
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Fig. 29 





Figure 29.- Pressure distribution for the 20-inch nacelles in low position. 



Fig. 30 




(a) Longitudinal sections. (b) Transverse sections. 

Figure 30.- Pressure distribution for the 34.7-inch nacelles. 



